Introduction
Mucormycosis is commonly a fatal infection caused by fungi of the order Mucorales, with Rhizopus being the most common species associated with this disease. 1 Other isolated species are Absidia, Mucor and Rhizomucor. 2, 3 Histologically, it presents with hyphae that are broad-based and non septated with right angles. 4, 5 Since this is predominantly a fulminant disease, it is potentially lethal. 5 Patients are usually immunosuppressed individuals, and the clinical hallmark has been vascular invasion with tissue necrosis. 6 Nonetheless, new cases of indolent mucormycosis are being reported, occurring among immunosuppressed 4,7-9 and immunocompetent patients. [10] [11] [12] [13] [14] [15] The clinical characteristics are distinguished by its chronic evolution, 14 nonspecific symptoms and in some cases absence of frank vascular invasion and necrosis. 5 Additionally, single paranasal sinus disease is also a frequent presentation. 11 We currently address this new form of disease with recent evidence. The objective of this study is to describe the clinical characteristics and management of patients with indolent mucormycosis.
Methods Patients
The patients were recruited from November 2012 to November 2016. This study was a multicenter clinical chart review conducted in secondary care centers. Indolent mucormycosis was defined as pathological evidence of nasal/paranasal sinus mucormycosis for longer than 1 month. The inclusion criteria were patients with indolent mucormycosis who had pathological confirmation, complete imaging studies and underwent surgical/medical treatment with adequate follow-up. This is an interinstitutional study approved by the ethical committees of the hospitals involved and led by Centro de Investigación y Docencia en Ciencias de la Salud (CIDOCS) de la Universidad Autónoma de Sinaloa, Sinaloa, Mexico. A signed informed consent was obtained from all patients.
Evaluation and Surgical Technique
All patients were evaluated by the otolaryngology and the infectiology departments. All patients underwent imaging, laboratory workup and surgical treatment. The patients were operated on by certified interinstitutional otolaryngologists.
The surgical procedures consisted in external maxillary approach (modified Caldwell-Luc procedure), endoscopic ethmoidectomy and antrostomy. The endoscopic procedure consisted in the removal of the uncinated process, ethmoid bulla; the resection of anterior and posterior ethmoid cells was done depending on the extension of disease. The identification of the natural maxillary ostium was performed and enlarged with a backbite and a 45°Blakesley forceps.
All surgical specimens were evaluated by two certified pathologists.
Statistical Analysis
The data were gathered by clinical chart review. The statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) 18.0 (SPSS Inc., Chicago, IL, USA).
The statistical analysis included descriptive statistics (mean and standard deviation).
Results

Demographic Data
We included seven patients, three female and four male subjects. The mean age was 53.14 years. Four patients were immunosuppressed and three were immunocompetent. Maxillary sinus involvement was present in all patients.
Among the immunosuppressed patients, three had diabetes and one had dermatomyositis. The symptoms were nonspecific. Facial pain, mucoid discharge and cacosmia were the symptoms most frequently reported. (See ►Table 1).
The duration of symptoms ranged from 1 to 28 months. Two patients had asymptomatic mucormycosis, found incidentally on computed tomography (CT) scan (cases 3 and 5).
Immunosuppressed Cases
Case 1 was a 38-year-old female patient who presented initially with fulminant mucormycosis disease. Middle turbinate resection, modified Caldwell-Luc procedure and endoscopic ethmoidectomy were urgently performed. Necrosis was seen intraoperatively in the middle turbinate. In spite of ocular involvement (proptosis, pupillary dilation and restriction of ocular movements), we decided on ocular preservation and hospitalization for a period of 1 month, with strict metabolic control, and administration of up to 3g of amphotericin. At the end of the month, she was asymptomatic, and ocular involvement was stable. Nonetheless, the magnetic resonance imaging (MRI) and CT scan showed progressive orbital apex pathology. An intraconal biopsy was performed, with final pathology result of mucormycosis. She underwent orbital exenteration with confirmation of orbital disease. Subsequent biopsies of maxillary and ethmoid sinus were negative. This case was included because it shows a patient with persistent disease that developed chronic symptoms. Once amphotericin was prescribed for 1 month, the patient had no disease progression and no additional symptoms. The disease was confined to the orbital fat. The fulminant course was arrested and led to an indolent one. See ►Fig. 1.
Case two was diagnosed with diabetes during her hospitalization. Initial nasal endoscopy revealed only middle meatus edema. Surgical findings were compatible with fungus ball and necrosis of maxillary mucosa. Pathology study of the mucosa revealed mucormycosis. Two subsequent biopsies were performed, and the last biopsy showed no evidence of disease. See ►Fig. 2.
Case three was asymptomatic. The patient had diabetes and renal failure and, since he was a candidate for a kidney transplant, a paranasal sinus CT scan was performed. Sinus occupation required mandatory surgery, which later led to the diagnosis of mucormycosis. Subsequent biopsies were negative. ►Fig. 
Treatment
All patients underwent surgical treatment, which consisted mainly in an external maxillary approach and endoscopic antrostomy. Regarding medical treatment, one immunosuppressed subject received only amphotericin, and case one received both amphotericin and posaconazole. On the other hand, posaconazole was the only treatment in one immunosuppressed patient. (See ►Table 1) All immunocompetent patients had unilateral maxillary sinus involvement and received only surgical treatment, with resolution of the disease. The surgical findings in these patients were similar: black and abundant debris in the maxillary sinus. Two immunocompetent patients had signs of necrosis in the maxillary mucosa. Interestingly, only case one had evident necrosis at nasal endoscopy.
Discussion
Mucormycosis refers to any fungal infection by members of the order mucorales, which is in the class zygomycetes. Most pathogenic species are members of the family mucoraceae.
1,8
It is currently known that mucormycosis affects mainly immunosuppressed individuals, 16 especially uncontrolled diabetic patients with acidosis. Deferoxamine therapy and trauma have also been described as risk factors. 1, 8, 13, 17 Furthermore, immunocompetent individuals are also prone to this disease.
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Unfortunately, the previous literature has mainly described the fulminant course of this disease. Chronic or indolent mucormycosis of the paranasal sinuses was described initially in 1964. 19 Although the disease is not universally known, over 30 cases have been described in the literature. 15, 20 Interestingly, indolent mucormycosis can affect immunocompetent and immunosuppressed individuals. Although, immunocompetent cases are associated with a less severe disease.
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On the other hand, chronic invasive fungal sinusitis has generally been associated with the aspergillus species, 10 reinforcing the concept that mucormycosis develops only into an acute fulminant course. It is the objective of this paper to describe the chronic presentation of mucormycosis and to show our experience in the treatment of both immunocompetent and immunosuppressed patients.
The definition of chronic mucormycosis has been controversial, since some authors acknowledge a period of only weeks, 9,21,22 while others consider it necessary the presence of mucormycosis for at least 1 month. 4 All the patients An
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included in our study had at least 1 month of suggestive mucormycosis infection. Also, chronic mucormycosis has been associated with internal carotid artery occlusion, 9 although none of our patients developed this complication. One common clinical feature we could find in most of our patients was the presence of facial pain or headache. This could be a hallmark symptom when faced with a patient with chronic paranasal sinus disease with evident CT scan sinus occupation. Some authors 5,23,24 also describe this pain frequently in their patients. 6 In our study, only one patient had orbital apex syndrome. This patient had middle turbinate necrosis, evident at nasal endoscopy. Necrosis was seen in most of our patients during modified Caldwell-Luc procedure in maxillary mucosa, but no evidence of necrosis was seen on rhinoscopy or nasal endoscopy. This defies the current knowledge that necrosis is usually seen at the physical exploration of these patients. In our study, maxillary sinus disease was the most common paranasal sinus involved, pointing to a more limited disease. Curiously, other authors have described a more aggressive course with orbital apex syndrome, cavernous sinus thrombosis 4,21,22 and brain abscess. 25 Although, on immunocompetent patients, the disease has been more localized. Among the immunosuppressed patients, case one began with a fulminant mucormycosis disease, only to progress to an indolent orbital course. During the patient's hospitalization, efforts for orbital preservation led to continued observation in an otherwise stable patient; nonetheless, orbital apex disease progression was seen on subsequent CT scans, with additional mucormycosis pathological confirmation ultimately leading to orbital exenteration. It is possible that treatment with amphotericin B lead in fact to an indolent course in case number 1. only amphotericine treatment on iniatilly invasive mucormycosis cases with no surgery could lead to an indolent course.
Careful imaging follow-up is necessary, especially in cases of orbital disease. Also, a chronic orbital case treated with a course of antifungals could erroneously lead a surgeon to do no further surgery, which, in fact, happened in this case, making it necessary first, an orbital biopsy and later, with this being positive, an exenteration. Mutilation of a patient (exenteration) is a difficult decision. This article recommends immediate orbital exenteration in case of progressive orbital disease, only evident on CT scan.
Since this is an infrequent disease, no randomized control trials are possible, and only case series are reported in the literature. 15 An Emergent Entity Celis-Aguilar et al. 99
authors have hypothesized that chronic sinusitis could be a risk factor for this fungal infection.
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In contrast to acute fulminant invasive sinusitis, chronic mucormycosis could have better survival. In a recent systematic review, 20 only half of the patients with acute fulminant disease survived, with diabetic patients having better prognosis than patients with other comorbidities. Chronic mucormycosis, at least in our series, had a 100% survival rate.
Other authors support this improvement in survival, especially in immunocompetent patients. 5, 10, 11, 24, 27 Differential diagnosis of this disease should be kept in mind, such as neoplasms, bacterial sinusitis, granulomatous disorders, cavernous sinus thrombosis, pseudotumors, etc. The limitations of this study are mainly the lack of mucormycosis cultures. Nonetheless, the characteristic broad non-septated hyphae with right angle branching usually suffices for diagnosis. Since this is an emerging entity, we are confident that new studies could confirm our results and shed new light on this disease.
The strengths of this study are the high number of patients included, in contrast to what has been previously published, the longer follow-up and the fact that it is a multicenter study.
Finally, indolent mucormycosis is a differential diagnosis in patients with facial pain or headache, mucoid discharge, cacosmia with a paranasal sinus occupation on CT scan in immunosuppressed and immunocompetent individuals.
Conclusion
Indolent mucormycosis is a new and emerging clinical entity in immunosuppressed and immunocompetent patients. Single paranasal sinus disease is a frequent presentation and should not be overlooked as a differential diagnosis in these patients. Immunocompetent patients should only be treated surgically. More studies are needed to confirm our results.
